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Abstract
A method for the separation of biological cells and bacteria based on traveling wave dielectrophoresis (twDEP) is 
presented. The microfluidic chip consists of a structured PDMS layer on glass. Parallel electrodes with increasing 
width and gap size, positioned along the micro fluidic channel, were used to expose cells to a twDEP force 
perpendicular to a pressure driven flow. With this gradient electrode structure we show that successful separations of 
mixtures of bacteria contaminated cells into subpopulations of viable cells and bacteria are feasible.
© 2011 Published by Elsevier Ltd.
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1. Introduction
Suspended-growing viable biological cells are difficult to separate from cell culture debris and 
bacterial contamination. A way to separate suspended viable cells is by using field flow fractionating [1],
fluorescence activated cell sorting [2] or magnetic activated cell sorting [3], requiring a particle density 
difference or expensive elaborate labeling steps. A phenomenon that does not require labeling for 
separation is dielectrophoresis, defined as the motion of polarizable particles exposed to a non-uniform 
electric field. To the best of our knowledge, twDEP is the only DEP based method allowing an efficient 
biological cell and bacteria separation. In previous work we have shown a continuous cell-from-cell 
separation based on twDEP without gradient electrodes, which allowed cell-cell separation but did not 
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result in a single position focusing of bacteria [4, 5]. In this contribution, a bacteria barrier effect created 
by gradient electrodes was used to separate the viable cells and bacteria. 
2. Separation principle 
The basic twDEP equation approximation for first order dipoles is as follows:
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where Hm is the permittivity of the surrounding medium, r the particle radius, Othe wavelength of the 
traveling-field (distance between four electrodes when a 0°, 90°, 180°, and 270° phase shift is used), 
Im(fCM) the imaginary part of the Clausius-Mossotti factor, Zthe angular frequency, and E2rms the electric
field squared.
By increasing the width and gap size (increasing O in Eq. 1, Fig. 1) of parallel electrodes positioned along 
the microfluidic channel, the twDEP force acting on the particles decreases (in the direction perpendicular 
of the electrodes of increasing width).
Fig. 1: Photograph of the 16.5 x 12 mm2 traveling wave DEP separation device. The chip contains 28 parallel electrodes (4 x 20 μm, 
4 x 15 μm, 4 x 11.25 μm, and 16 x 7.5 μm in width and 0.8 cm in length). The electrodes, divided in pairs of four, are exposed to 
AC voltage phase-shifted 90° to obtain a traveling-electric field (electrodes labeled 1: 0°, 2: 90°, 3: 180°, and 4: 270°). The micro-
fluidic channel has a height of 20 μm and a width of 610 μm. The electrodes were wire bonded to a printed circuit board consisting 
of four gold bonding lanes, each connected to a different phase shifted AC voltage power source. On top of the glass wafer with 
vapor deposited electrodes, a PDMS layer with the channel structure was attached. 
The experimental results presented in previous work, where bacteria were aligned at distinct positions and 
did not cross WKHȝPZLGHHOHFWURGHVGXHWRWKHODUJHHOHFWURGHJDSXQGHUWKHVHWFRQGLWLRQV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that bacteria could be separated from the sample mix by an optimized electrode array. To investigate 
whether it is feasible to also separate bacteria from a sample mixture a chip was designed and realized 
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ȝP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)LJCells and bacteria exposed to the traveling electric field were 
introduced at the lower y-region and were experiencing a negative DEP force in the direction towards the 
higher z-region away from the electrodes (Fig. 2A). The cells also experienced a twDEP force antiparallel 
to the field. By increasing the electrode-width the electric field strength above the electrodes decreases, 
creating gaps in the traveling electric field (Fig. 2B). Wider electrodes result in a larger gap. When the 
gap is large enough, resulting in a twDEP force too low to push bacteria over, a barrier is created. For 
larger cells these gaps are easier to cross (see Eq. 1) allowing them to move towards higher y-regions. 
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Unaffected, non-viable cells and cell debris will leave the channel in the same y-region as they were 
introduced (Fig. 2).
The proposed separation method over an increasing electrode width was investigated on a sample mixture 
consisting of Saccharomyces cerevisiae cells and Lactobacillus casei bacteria.
Fig. 2: A) Separation principle. The viable biological cells and bacteria from a sample mixture separate into distinct positions by a 
non-uniform phase-shifted electric field. B) Five ‘snapshots ‘of the traveling wave in progress, moving from left to right, with a 
color map of electric field strength (V/m). The electrodes e1-e4 were exited with a respectively 0°, 90°, 180°, and 270° phase shifted 
voltage of 5 Vrms. By increasing the electrode width, the electric field gaps above the electrodes increase.
3. Results and Discussion 
The frequency and voltage of the traveling electric field were selected to push the viable S. cerevisiae and 
bacteria against the traveling field. At the same time the DEP force at the selected frequency was 
negative, pushing the cells away from the electrodes towards the channel ceiling (which prevents the 
sticking of cells at the electrodes). The biological mix was suspended in sucrose (10 %w/w) dextrose (2 
%w/w) buffer with the conductivity set to 30 mS/m by adding phosphate buffered saline. A successful 
separation of the viable S. cerevisiae cells and L. casei bacteria from the mix is depicted in Fig.3. The gap 
created above the first 15 μm wide electrode functioned as a bacteria barrier (Fig. 2B, red dashed line). 
The traveling electric field strength above this electrode was too low to create a twDEP force pushing the 
bacteria over (Eq. 1). For the larger S. cerevisiae cells, the twDEP force was large enough to push the 
cells across the electrode.  
4. Conclusions 
With parallel twDEP electrodes of increasing width and gap size positioned along the microfluidic 
channel, we are able to create a barrier bacteria cannot cross.  Our experiments show that a mixture of 
viable S. cerevisiae cells and L. casei bacteria exposed to a traveling electric field created above gradient 
electrodes could be separated into distinct populations. The viable S. cerevisiae cells moved across the 
entire width of the separation channel while L. casei bacteria only moved up to the channel width position 
between the 11.25 μm and 15 μm width electrodes.
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Fig. 3: A sample mix consisting of S. cerevisiae and L. casei bacteria, introduced over the whole width of the micro fluidic channel, 
was dragged through the channel by a pressure driven flow and exposed to a traveling-electric-field of 3.5 Vrms at 180 kHz. Viable S. 
cerevisiae cells moving in the micro-fluidic channel (highlighted by arrows) experienced a twDEP force (directed against the 
travelling field) perpendicular to the flow direction, left the separation channel at a distinct position. L. casei bacteria that were 
introduced in the channel region above the 7.5 and 11.25 μm width electrodes also experienced a twDEP force (directed against the 
traveling field) perpendicular to the flow, but were blocked (and therefore focused) by the first 15μm width electrode due to the 
relative large electric field strength gap above this electrode (compared to the small bacteria size).
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